Abstract. This research is focused on studying the density and mechanical properties of iron-chromium composites consolidated by innovative rapid microwave sintering technology against conventionally sintered counterparts using slow heating crucible furnace. Another aim of this study is to assess the viability of yttria (Y 2 O 3 ) ceramic particulates as reinforcement to the iron-chromium composites. Fabrication of iron-chromium-yttria composites consolidated in microwave furnace and conventional crucible furnace was successfully accomplished. Improvement of density is evident in microwave sintered composites. The Y 2 O 3 addition significantly increases the hardness of the composite (118 Hv for microwave specimens as opposed to 110Hv for conventional specimens). The study also successfully established the viability of microwave sintering technique for consolidating iron based powder metallurgy composites by up to 80% reduction of sintering time.
Introduction
In powder metallurgy (PM) processing, sintering is considered the most important step due to its role to evolve microstructural features that governs the end properties of a material [1] . The aim of sintering generally is to achieve improved microstructure by which means refined grain boundaries, improved density and controlled size and distribution of other phases including pores [2] . The efficiency of sintering procedure is critically depends on variables such as heating rates, temperature, environment and time.
The conventional way of consolidating material is by using crucible furnace with slow resistive heating and long sintering duration. During sintering the thermal energy is transferred to the material via thermal infrared radiation. Since the penetration depth of infrared radiation is very small in most solids [3] , therefore energy deposition is restricted to the surface of the material and heat transfer to the rest of material is based on heat transfer from hotter to colder region. This would result in inefficient sintering process. The slow heating also resulted in long sintering duration, which would expose samples to potential damages such as cracks and oxidation on the surface. The effect of sintering time to the end properties of tungsten heavy alloys have been studied by German et. al. [4] . They summarized that increasing sintering time yields microstructural coarsening, which deteriorate the mechanical properties of the alloys. Padmavathi et. al. [5] suggested that one of the ways to prevent such undesired outcome is by applying faster heating rates and shorter soaking time during the consolidation process. Among the emerging technology for consolidating materials at high temperature at faster rates is microwave sintering technique.
However, only limited work has been conducted on investigating interaction between microwave and metal based materials. Most of the work on heating and sintering was applied extensively for the processing of ceramic materials [6, 7] . This is due to the fact that bulk metals reflect microwaves which causes arcing during microwave heating, thus limit the penetration of the microwave into the heated specimens and causing damage to the equipment. However, the arcing occurs only to bulk metals; whilst powder metal specimens can couple with microwave energy [8] . Due to this, most studies on microwave sintering of metals is carried out via powder metallurgy route. In microwave processing of iron based material, many existing works is on PM stainless steel composites and iron metal matrix composites [9, 10, 11] . The improvements achieved from applying microwave technology are finer grains, improved bulk hardness, better sintered density and slower corrosion rate.
The usual practice for improving the strength of iron composites includes alloying and incorporation of stronger and stiffer ceramic reinforcement such as metal carbides and oxides. Iron (Fe) matrix composites reinforced with hard ceramic particles and stronger metals are of interest due to several advantages in terms of mechanical properties, easy fabrication and low cost. Cr is added to give better corrosion resistance and to increase strength the composites. The minimum Cr content to resist corrosion is 11 % of the composites' content [12] . There are yet published works on Fe matrix composites with Y 2 O 3 reinforcement; however, there are some reported studies on Y 2 O 3 dispersed stainless steel composites [9] and yttria-alumina garnet (YAG) particulates reinforced stainless steel prepared by microwave sintering method [11] . Improvement in mechanical properties with the addition of the ceramic particulates is evident in these studies. Elsewhere, Y 2 O 3 also has been incorporated into lightweight materials such as magnesium and magnesium alloys to achieve better properties [13, 14] . Y 2 O 3 are thermodynamically stable at elevated temperatures. With the thermal stability characteristics added in the MMCs, reaction between matrix and reinforcement can be minimized which leads to good interfacial integrity [9] . Accordingly, the current work is aimed to determine the feasibility of microwave technology for sintering yttria (Y 2 O 3 ) reinforced iron-chromium (Fe-Cr) composite as opposed to conventional sintering method using crucible furnace by characterizing the end properties. The differences in processing setups between these two sintering techniques are listed in Table 1 . 
Materials and Experimental Methods
The composites were prepared via PM processing route. Pure Fe powder was used as the matrix material with 12 wt. % of Cr addition as alloying element to give better corrosion resistance and increasing the strength of the composites and 5 wt. % of Y 2 O 3 was added as the reinforcement phase. The combination of powder was mixed for 30 minutes in sphere shaped containers.The mixed powder was compacted using 12 mm diameter die at 750 Mpa.
The green compacts were sintered for 20 minutes at 1200°C with a heating rate of 50°C/min in a 3 kW, 2.45 GHz HAMiLab V3 microwave sintering furnace. For conventional sintering of the specimens, the process was carried out using crucible furnace in Argon atmosphere for one hour at 10°C/min. The sintered specimens were examined for any visible defects such as surface cracks or warping. Micro structural characterization studies were conducted using Scanning Electron Microscope (SEM) and energy disperses spectrometer (EDS) analysis to determine the distribution of reinforcement and presence of elements. Bulk density and apparent porosity of the composites were obtained using standard Archimedes principles in accordance with ASTM B962-08. In order to evaluate the sintering response, the density of the composites was also expressed in term of densification parameter which was calculated as follows:
The micro hardness test was performed using microVickers Hardness Tester in accordance with the ASTM E384-99.
Results and Discussions

Physical Appearance
Physical observation conducted on the as sintered specimens revealed absence of defects such as circumferential or radial cracks and warping for both sintering techniques' specimens. This explains the suitability of the sintering setups for both techniques. Unwanted defects may yield from improper sintering setups such as prolong sintering duration and unsuitable environment; which could accelerate the oxidation and exhibit cracks on specimen's surface. The conventional method utilized Argon gas which give inert environment in the furnace while the internal cavity of the microwave furnace was vacuumed and filled with nitrogen (N 2 ) gas during sintering process. N 2 was reported to be the most effective environment for microwave technique [15] . Hampshire et. al. [16] reported that N 2 reacts with the sintering process by lowering the eutectic temperature and enhance the diffusion kinetics, thus enhancing the sintering process. Figure 1 (a) and (b) show the scanning electron micrographs (SEM) and Energy Dispersive X-ray (EDX) of the composites, respectively. The dark areas in the micrographs represent the pores. Uniform distribution of Cr and Y 2 O 3 is observed in all specimens. However, the appearance of pores is more pronounced in conventional sintered composite. Increasing pore voids in a composite may increase the surface area exposed to any destructive agents. For structural and automotive part applications, near dense material is favourable. Increasing porosity in a composite material may cause severe wear to the parts. 
Microstructural characteristics
Densification behavior
The density measurements conducted on the specimens are shown in Figure 3 . Although the sintered density of microwave composites decreased with addition of the ceramic phase, overall the specimens exhibited higher density than the conventionally sintered composites. This has also been validated by the densification response of the composite which is favored to microwave specimens. The different phases in the composites (in this case Fe, Cr and Y 2 O 3 ) provide different degree of microwave absorption hence causing localized temperature gradient [5] during sintering process. As a result the situation contributes to the enhancement in sintering response. The improvement in density also can be explained by less appearance of pores on the microstructure images in Figure 1 
Mechanical Characterization
In Figure 4 , improvement of hardness is more pronounced for Y 2 O 3 reinforced composite. The increase in hardness of the composites with the addition of Y 2 O 3 can be attributed primarily to the presence of the harder ceramic in the matrix. The ceramic particulates provide higher constraint on the stress flow during matrix deformation [3] hence increased the composite's resistance to localized plastic deformation. The thermal stability at high temperature characteristic possessed by Y 2 O 3 also could be the main reason for providing good interfacial integrity between matrix and reinforcement [1] . Another factor could be the reduced time required for sintering reduced interfacial reaction and grain coarsening in the matrix as reported by [8] . 
Conclusion
In the presence study, fabrication of PM Fe-Cr-Y 2 O 3 composites consolidated in microwave furnace and conventional crucible furnace was successfully accomplished. The results clearly show that the study has established the viability of microwave sintering approach used in place of conventional sintering for iron based powder metallurgy composites by up to 80% reduction of sintering time. Density improvement was evident in the case of microwave sintered composite indicating better sintering response that conventional sintering. The improved density contributes to enhanced hardness of the composites.
